This study describes the egg membrane structures of angelfish (Pterophyllum scalare), morpho-physiological changes during angelfish embryogenesis from activation to hatching under optimal conditions (28°C; pH 6.8), the developing larvae and fry, the effect of alkaline pH on the early developmental stages of the species, the relationship between food item size and fry survival. Egg membranes (thin, transparent, 1.67-2.18 µm thick) are covered by a sticky substance. The amber-coloured angelfish eggs were oval in shape, with average diameters of 1.436 and 1.171 mm, i.e., a mean volume of 1.033 ± 0.095 mm 3 . The survival rate of embryos and larvae kept in water with an elevated, slightly alkaline pH was very low: as few as 2% of the embryos survived, while in the batch kept in optimal water conditions very few eggs died. The first larvae hatched after 1288 h of embryonic development. The newly hatched larvae measured on average 2.60 ± 0.093 mm and had large (0.64 ± 0.077 mm³) yolk sacs. They attached themselves to the substrate with a secretion of thin, viscous threads, which was released from glands situated on the top of the head. The glands vanished on day 5. The 1-day-old larvae showed the first pigment cells on the body and the eyes of the 2-dayolds were already fully pigmented. Between day 4 and 5 of larval life, the larvae began feeding on live food. The 23-day-old fry looked like a miniature versions of the adults. Mortality of the angelfish larvae during their first days after hatching was higher in those fed brine shrimp (Artemia salina) nauplii than those fed protozoans and rotifers.
Introduction
Angelfish occur in the catchment of the Amazon, the world's largest river; they inhabit waters having uniform, albeit specific, chemical and physical conditions (e.g., temperature 27-30°C; pH ~6.5) in Brazil, Columbia, Peru, Guyana, and French Guyana (Axelrod & Walker, 2000; Pérez et al., 2003; Abdolbaghian et al., 2010) . Angelfish live usually at the depth of 1-2 m, among dense, submerged vegetation (Frank, 1984) . Under natural conditions, they grow to 15 cm total length and 25 cm total height. The body is strongly flattened dorsoventrally (Mills, 1993) .
Angelfish are characterised by specific reproductive behaviour. The territory occupied by the male is of crucial importance: the female chooses a partner based on the specificity of a male's territory, e.g. the plant species growing there, and also the male's body size Chellapa et al., 1999) . Prior to spawning, a pair of angelfish cleans a spot they have selected, i.e. wide and flexible leaves or wide and flat stones, whereupon the female lays up to 1000 eggs which are immediately fertilised by the male (Frank, 1984; Sieniawski, 2004; Cacho et al., 2006) . The egg-laying is repeated many times, the eggs being released in batches (Sieniawski, 2004) . The angelfish eggs are amber-coloured, oval in shape (Groppelli et al., 2003) , and contain numerous lipid droplets; the eggs are about 1.46 mm in diameter (£ugowska, 2007) . Both parents care for the eggs, e.g. by guarding them; however, the male takes a lesser role, possibly due to behaviours associated with searching for other females with greater reproductive potential . Survival rate of the embryos depends on the male's aggression level. The more aggressive the male, the higher the survival rate of the embryos and larvae. Hence, females choose more aggressive males since it ensures that the effort put into the production of reproductive material is not wasted (Cacho et al., 2006) . The level of aggression in males fell at the end of the period of caring for the offspring .
Immediately after hatching, the larvae attach themselves with short threads to the substrate and reabsorb the yolk sac material. The threads are secreted by the cement glands (Bennemann & Pietsch-Rohrschneider, 1978; Groppelli et al., 2003) . Once the yolk sac has been reabsorbed, the larvae begin to swim in search for food, but they are still guarded by the parents Sarma et al., 2003) : movements of the parents' long ventral fins transmit signals that the juveniles respond to (Frank, 1984) . While under natural conditions, the parents effectively guard their young and care for them until adulthood, no protective instinct is formed under artificial spawning conditions, resulting in the eggs being eaten by the parents (Kahl et al., 1997) . In addition, cannibalism occurs among angelfish in conditions stressful for parents: e.g. it was observed that the eggs might be eaten if parents are continually distressed and forced to leave the reproductive area. Forced loss of contact with the eggs for longer than several minutes results in parents losing their instinct to protect their young, and ultimately eating the entire batch of eggs. It was also observed that the eggs would also be eaten after a failed act of reproduction: for example, if a very small number of eggs have been laid, or when a percentage of eggs have not been fertilised, or when embryogenesis has stopped due to adverse environmental factors. Firstly, the dead eggs are eaten, and if only a few live eggs remain then they too are eaten and the parents prepare for re-spawning. The young can also be threatened by cannibalism from their parents after re-absorption of their yolk sacs: because of limited space in the aquarium, they are not able to move out of the reach of the parents, who start perceiving them as live food. However, there was no cannibalism involving the young eating each other, a characteristic of other species such as Percidae, Siluridae (Smith & Reay, 1991; Caneppele et al., 2009) or Salminus hilarii (Honji et al., 2011) .
Water temperature is an important environmental factor for embryonic development. According to different authors, angelfish prefer temperatures spaning from 27°C (Al Adhami & Kunz, 1976; Axelrod & Walker, 2000) to 30°C (Pérez et al., 2003) to 29-31°C (Abdolbaghian et al., 2010) . Due to specific environmental conditions (heavy organic enrichment during floods, submerged trees), the Amazon and its tributaries are ionpoor and acidic. Such habitat elicits specific adaptations in organisms, including fish (Val & Almeida-Val, 1995) . Most attention has so far been drawn to the adult fish adaptation mechanisms with respect to low pH. The angelfish are capable of surviving for 3-6 days at pH 3.5, with death occurring as a result of weakened ability to absorb sodium ions. The weakening can be slowed down when the water contains abundant calcium ions (Gonzalez & Wilson, 2001) . So far, however, the effects of water pH deviating from natural environmental conditions on the angelfish embryonic development have not been analysed.
Although angelfish are frequently kept in aquaria, literature on their reproduction is scant and limited to general descriptions. The present work is the first comprehensive description of egg membrane structures; in addition, morphophysiological changes during the angelfish embryogenesis, from activation to hatching under optimal conditions (28ºC; pH 6.8) are described, and the developing larvae and fry are characterised. Another task was to find out if slightly alkaline pH would affect the early developmental stages of the species. Attention was paid to the egg incubation method: embryo survival rates were compared for treatments involving parental care versus incubation in the Weiss apparatus. The relationship between food item size and fry survival was explored. Knowledge of the early stages of angelfish development may prove helpful for practical aspects of fish breeding and enhance breeders' knowledge of the species.
Material and Methods
The research focused on the developing eggs and the resultant larvae of the angelfish (Pterophyllum scalare). The study was carried out in the aquarium laboratory of the Department of Anatomy, Hydrobiology and Biotechnology of Reproduction from May 2007 to June 2009. Experiments were repeated twice.
Three days before the spawners were released, 80-l tanks were filled with distilled water. Alder cones (1 cone per 10 l water) were placed in the tanks to enrich the water with humic substances and tannins. Thermostats kept the water temperature constant (28 ±0.2°C). The tanks were illuminated with incandescent lamps switched on for 12 hours a day. During the experimental period all water quality parameters were kept constants and monitored constantly using multimeter CX-401 (Elmetron).
Mature, ready to spawn pairs of future parents were released into the tanks already containing a substrate in the form of black strips of plastic, hung vertically. In experimental treatments 1a and 1b, the eggs laid on the substrate were guarded by the parental fish which refreshed the water around the eggs by fanning their fins and removing dead eggs. In treatment 2a and 2b, immediately after they were activated, the eggs were transferred, together with the substratum to which they were attached, to small PET Weiss jars placed in a 60-l tank (Table 1 ). The aerated water flowing upwards through the jar rinsed the substrate with the eggs and rolled down the jar walls in a gentle stream. The water in each tank was kept at a constant temperature (28 ± 0.2°C), with appropriate oxygen conditions being ensured by continuous aeration.
Embryogenesis was monitored at 28°C and at two pH levels (6.8 and 8.2) ( Table 1 ). For each experimental treatment, the embryo survival rate was calculated at the moment of hatching. h -sum of temperature in ºC in successive hours.
The egg membranes were examined under a FEI Quanta 200 scanning electron microscope (SEM). The eggs were fixed in buffered 4% formaldehyde and then dehydrated in alcohol series and in acetone. Subsequently, the eggs were dried using liquid CO 2 at the so-called critical point, mounted on bases, and dusted with a thin layer of gold-palladium alloy. Diameters (d 1 , d 2 ) of yolk spheres and eggs were measured using NIS Elements software, and used to calculate volumes (V = 1/6*Π*d 1 *d 2 2 ). Observation and recording of the angelfish embryonic and larval development were carried out using two sets of equipment:
-Nikon TE-2000S microscope, Sony CCD digital camera equipped with a monitor and S-VHS recorder, computer (with the NIS Elements software);
-SMZ 1500 stereomicroscope with a Trol-8100/9100 microprocessor regulator and a Nikon DS. Fi-1 digital colour camera equipped with a monitor.
When examining the larvae, their total body length (longitudo totalis, l.t.), length (l) and height (h) of the yolk sac were measured. The yolk sac volume was calculated using the formula: V = 1/6*Π*l*h 2 [mm 3 ]. On their second day after hatching, the larvae were transferred to another 60-litre container in which they were kept in water of temperature 28 ±0.2°C, pH 7.5, and 1 GH hardness. The total larval length was measured daily; measurements were taken also of the developing fins; in addition, the development of internal organs was analysed. The larval survival rate in each experimental treatment was calculated.
The larvae were fed three times a day from the 4 th day after hatching. The larvae were divided into two groups (each sample analysed consedered of 50 specimens). Those in the first group were fed brine shrimp nauplii (Artemia salina). The second group larvae were fed protozoans and rotifers for the first two days, with brine shrimp nauplii being added to the diet on the third day. The larval mortality was calculated in each treatment. Experiments were repeated twice.
The results obtained were processed using Statistica 9.0 PL: Shapiro-Wilk normality test was used for size distribution the eggs and yolk spheres of angelfish and Duncan's multiple test for survival rate of embryos and larvae.
Results
Egg membranes. The egg membranes (thin, transparent, 1.67-2.18 µm thick, Fig. 1A ) were covered by a substance which was sticky for the first few seconds after the egg is released into the water. When detached from the substratum, the eggs showed no tendency towards re-attachment either to the substrate or to other eggs. The egg membrane was porous on the inside, although individual pores were very small. The outer surface was also perforated by small pores. The presence of some bacteria was observed (Fig. 1B ).
Eggs and yolk spheres. The amber-coloured angelfish eggs were oval in shape, with average diameters of 1.44 (d 1 ) and 1.17 mm (d 2 ), i.e., a mean volume of 1.03 ± 0.095 mm 3 (Fig. 2) . The yolk sphere inside measured, on average, 1.19 (d 1 ) and 1.09 mm (d 2 ), i.e. had an average volume of 0.74 mm³ (Fig. 3) . The size variability between either yolk spheres or eggs was not large, as the difference between the smallest and the largest amounted to about 60% ( Table 2 ). The perivitelline space was not large, being on average 28% of the egg volume. The yolk sphere showed very numerous fine droplets of structural lipids, scattered throughout the sphere. During embryonic development, the droplets became scattered at first in the layer of the yolk sphere, and later in the yolk contained in the yolk sac.
Embryogenesis. After about 20 minutes (9.3 h°) from fertilisation, ectoplasm accumulation ceased and the reception mound developed (Fig. 4A) . The reception mound transformed into the germ disc. The process always occurred on the same side as the yolk sphere, because that was where there was free space.
Cleavage. Soon after fertilisation, the germ plate began to divide into blastomeres. The first cleavage furrow (2 blastomeres) appeared after 45 minutes (21 h) from fertilisation. The subsequent furrow that divides each blastomere into two parts appeared 1 h (28 h) after egg activation and produced 4 blastomeres ( Table 3 ). The third furrow (8 blastomeres) appeared 1 h 15 minutes (35 h) after fertilization (Fig. 4B) . The fourth furrow (16 blastomeres) became visible after 1 h 47 minutes (41.3 h). Subsequent divisions increased the number of blastomeres. Eventually, 4 hours (112 h) after fertilization, the small-celled blastula developed (Table 3) .
Gastrulation. Gastrulation began after 239 h; after 420 h the eggs were at the stage of half-epiboly. After 21 hours from fertilisation (588 h), ¾ epiboly was visible, as was the outline of the embryo's body (Fig. 4C) . Gastrulation terminated when the entire yolk was covered by cells (which happened after 616 h) ( Table 3) . Organogenesis. Once gastrulation had terminated, the embryo's head began to increase and protrude above the yolk sac surface. The first somites appeared in the embryo's body (Fig. 4D) , initially in the trunk part, at 26 hours after fertilisation (729.5 h) ( Table 3) . The embryo's heart became active in hour 33 (924 h) of the embryonic development; the contraction rhythm, initially slow, accelerated rapidly to reach 94 beats per minute in hour 34 (952 h). The beginning of the cardiac muscle contractions was swiftly followed by movements of the whole body. Initially, the movements involved slight, but frequent, contractions of the trunk (1 contraction per minute). Over time, the contractions became more extensive and less frequent, but stronger and performed in series. Immediately prior to hatching (Fig. 5) , a rate of 15 contractions per minute were observed. The heart rate, regular until the moment of hatching, increased to reach 130 beats per minute at 1288 h. The survival rate of embryos and larvae kept in water with elevated, slightly alkaline pH was very low: as few as 2% of the embryos survived, while very few eggs died in the batch kept in water of optimal parameters (Table 4) .
Hatching. The first larvae hatched at 1288 h of the embryonic development (Table 3) . They always left the egg membranes tailfirst; no other way of hatching was observed. The appearance of the larval tail was a signal for the parents to help the larva to leave the egg. A female then took the hatching egg into her mouth and spit the larvae onto the spawning substrate a number of times until the larva produced threads and attached itself. If the larva failed to do that, it was taken by the female again. So the spitting process was repeated by the female until a sticky thread appeared on the larva's head. The newly hatched larvae measured, on the average, 2.60 ± 0.093 mm and had large yolk sacs (0.64 ± 0.077 ³) (Fig. 6A) . On leaving the egg, the larvae showed no eye pigment. They attached themselves to the substrate by secreting thin, sticky threads. Usually a single thread to the substrate, the larvae moved vigorously and never remained motionless, until they tore free of the substrate.
Development of larvae and fry. The larvae remained attached to the substrate for four days. On day 5, when the glands producing viscous threads disappeared and the yolk sac was almost completely reabsorbed, the larvae began to descend to the bottom of the tanks. It was then that the larvae made their first attempts at swimming and began searching for food. The first pigment cells were observed on the body of 1-day-old larvae, but no eye pigment was observed. By day 2 of larval life, their eyes were already fully pigmented. On day 3 of the Table 2 . Size of angelfish (Pterophyllum scalare) eggs and yolk sphere (n = 60; d 1 , d 2 = diameters; 0 ± sd = mean and standard deviation). was produced, although two to four were occasionally observed. The secretion was released from glands situated on the top of the head (Fig. 6B) . Usually, there were two pairs of glands visible until day 4 of larval life, i.e. until the yolk sac was reabsorbed (Fig. 7A) . The glands vanished on day 5 (Fig. 7B) . When attached larval life, the egg sacs were half-reabsorbed (Fig. 7A) , and reabsorption was completed between day 4 and 5. At this stage, the larvae began feeding on live food, the brine shrimp nauplii (A. salina). Most of the 5-day-old larvae showed the presence of a swim bladder chamber (Fig. 7B) . The 6-day-old larvae doubled their length (Table 5) , their yolk sacs were completely reabsorbed, and their intestinal loops were visible. In 1-weekold larvae, the dorsal and anal fins began to differentiate from the skin fold (Fig. 7C) . The skin fold began to disappear on day 8. The dorsal fin showed the first ray to emerge, and primordial ventral fins were observed (Table 5 ). In the 10-day-old larvae, the skin fold surrounding the posterior part of the body was just discernible. The first rays appeared on the anal fins and the ventral fins appeared (Table 5 ). All the fins were differentiated on the12-day-old fry. From that day on, a rapid growth rate was observed. On day 16, the swim bladders all the fish were seen to consist of two chambers. In the 18-day-old fry, the dorsal fin rays 12-20 and the anal fin rays 6-10 began to elongate, which is a species-specific character. On day 20, a few fry (4%) failed to have developed the swim bladder and their growth stopped; the affected fry had problems with swimming. On day 22, the kidneys and gills were welldeveloped. The 23-day-old fry showed well-developed opercula, skull bones, jaws, and backbones. The 25-day-old fry looked like miniature versions of the adults (Fig. 7D-7F ).
Larval feeding. Mortality of the angelfish larvae (group 1) fed brine shrimp (A. salina) nauplii was higher than of those fed protozoans and rotifers during their first days of life posthatching. At the beginning, it was difficult for the angelfish larvae to take up larger organisms such as the brine shrimp nauplii which measure about 0.7 mm in length and about 0.6 mm in width (at the head level and with antennae spread out); the angelfish mouth, when gaping, is as small as 0.4 mm across (Fig. 8) . The mortality rate during the first four days since feeding began was 8%. On the other hand, those larvae (group 2) fed protozoans and rotifers during the first two days, with brine shrimp nauplii added to the diet subsequently, grew better and had a lower mortality rate (3%).
Discussion
The data and observations collected in this study supplied new information on reproduction and morphophysiological changes taking place during embryonic and larval development of the angelfish (P. scalare).
Cichlid eggs are, as a rule, oval in shape, like in other fish species with large genital papillae, e.g. algae eaters such as the bushymouth catfish, Ancistrus dolichopterus, or with an ovipositor, such as the bitterling, Rhodeus sericeus (cf. Aldridge, 1999) , although egg dimensions (length, width, diameter) are species-specific. The ovipositor makes it possible for the female to precisely position one egg after another in a row at a place she chooses. The ellipsoid shape of the egg allows many eggs to be laid in a small area, which facilitates parental brood care. This close "packing" of the eggs is made feasible by the very intensive care given by the parents, who not only protect the eggs, but also force the flow of water between the eggs, making it easier for oxygen to reach the surface of the tract of each embryo. The angelfish eggs are small, their volume being similar to that of blue discus (Symphysodon aequifasciatus) eggs (cf. Coleman, 2002) . The eggs are the smallest of all the cichlids. They are 5 times smaller than those of Theraps irregulare and 8 times smaller than those of the Thorichthys tuba (Coleman, 2002; Froese & Pauly, 2010) . The egg membrane lacks projections or other club-shaped structures typical of, e.g. cyprinids, which also attach their eggs to the substrate ( Riehl & Appelbaum, 1991; Szulc, 2007) . Such projections present on the eggs of white bream, vimba or shorthorn sculpin (Szulc, 2007) play a very important role, apart from attaching the egg to the substrate, because they facilitate the water flow between the egg and the substrate, so that the water can rinse the entire egg surface and thus ensure gas exchange. The smooth surface of angelfish eggs is most probably associated with the parent fish aerating them by forcing the water flow. The behaviour was successful in the angelfish, so that elimination of a part of the surface through which oxygen could penetrate the egg did not adversely affect the oxygen conditions to which the developing embryo is exposed.
It is also interesting that the sticky substance is present on the egg surface for a short time only. A similar phenomenon was reported from some other fish species, e.g. stinging catfish (Heteropneustes fossilis) (Korzelecka et al., 2010) . The sticky substance is necessary only for attaching the egg to the substrate; should it have remained on the egg surface, it would have restricted oxygen diffusion into the egg. Besides, such a substance is an excellent medium for bacteria, the abundance of which significantly slows down the rate of embryonic development.
Parental care considerably enhances survival rate of the hatchlings and the quality of embryonic development. Throughout the egg incubation stage, the parent fish ensure that the rapidly developing embryos receive constant oxygen supply by fanning their fins (Reebs, 2001) . The thin egg membranes provide no particular obstacle for gas exchange. For this reason, the embryos develop with a perivitelline space which is relatively small (about 30%), compared to that in, e.g. cyprinids such as tench, rudd, bleak, the eggs of which show 70% of the volume being taken by the perivitelline space (Winnicki & Korzelecka, 1997; Bonislawska et al., 1999) . Despite the relatively small perivitelline space, the angelfish show no quasi-peristaltic movements of the ectoplasm similar to those reported in pike (Tañski et al., 2000) or stickleback ; in those species, there is an ectoplasm wave movement along the yolk sphere surface, which mixes the perivitelline space and effectively enhances oxygen transport to the respiratory surfaces of the embryo (Bonislawska et al., 1999; Formicki et al., 2009) . Regular aeration of water at the egg surface, brought about by the parental fish fin movement, ensures that despite high ambient temperature, the embryos receive a sufficient oxygen supply; a quasi-peristaltic movement would in this membrane seem an unnecessary loss of energy.
It is fairly common for newly hatched fish larvae to attach themselves to a substrate and to remain attached until the yolk sac is reabsorbed. The angelfish larvae attach themselves with a secretion from glands located on the head, and remain attached until the yolk sac is reabsorbed. Attachment prevents the larvae from being moved into the water column where, not guarded by the parents, they could become an easy prey for predators. In fish species with no brood care, e.g., pike (Tañski et al., 2000) or tench (Korzelecka et al., 2009) , larval attachment to submerged plants is a means to avoid predators by blending into the surroundings and also a way to prevent sinking down to the bottom, where the oxygen conditions are usually far from appropriate. The angelfish take a good care of both their eggs and larvae; exercising that care is facilitated by larval attachment to the substrate. In addition to protection from predators which the parents provide, the fanning movement of parental fins aerates the water around the larvae, thus improving the oxygen conditions for them (Barlow, 1991; Meijide & Guerrero 2000) . Noteworthy are the rapid movements of the larvae, which are important for two reasons. On the one hand, they aerate the water surrounding the yolk sac, and as blood vessels lie on the surface of the yolk sac, The 5-days-old larva -content of yolk sac reabsorbed, development of arches and gill filaments; C) The 7-days-old larva -reduction of the fold surrounding the larvae and separation of the caudal part, visible loops of the intestine, increasing number of melanophore in the cephalic part, the visible swim bladder; D) The 10-days-old larva -the skin fold surrounding the posterior part of the body almost disappeared, in the anal fin first rays well developed, beginning of abdominal fins; E) The 14-days-old larva -elongating rays in the dorsal fin and anal fin; F) The 23-days-old larva -body shape and proportions similar as at adult individuals.
oxygen diffusion into the circulatory system is enhanced. On the other hand, the movements allow the larvae to continue flexing their muscles, which had started at the embryonic phase; the well-exercised muscles allow the larvae to rapidly swim back to the parent fish when threatened.
The swim bladder was observed to be lacking in 4% of the fry. This resulted in growth retardation, although the fish were observed to feed. They also had some problems with swimming. Most probably, the swim bladder had failed to develop as a result of localised surface tension, which prevented the larvae from inhaling a portion of air which has to be pushed into the budding swim bladder at a fixed time during development so that it can develop at all. A similar occurrence was reported from other percids (perch, zander) (Barrows et al., 1993) . Changes taking place during development result in the atrophy of the pneumatic duct (ductus pneumaticus) through which the air, inhaled from above the water surface, should be pushed in. Initiation of this process is important for further development to be regular and for the larvae to survive.
As shown by our study, artificial breeding has to be carried out with a consideration of the characteristics of the waters of the species' natural habitat. The high amount of organic matter in the Amazon, including silt particles, humic acids and tannins reduces water pH which is 6.9 in the upstream Amazon, and drops down to as low as 3.8 locally in Amazon tributaries (the "black rivers": rio Negro, rio Cururu and rio Icana) (Zalachowski, 1997) . Fish living in the Amazon have adapted to specific environmental conditions by developing respiratory organs in the form of true lungs as in Lepidosiren paradox, modifying the swim blender as in Arapaima gigas, or through enriching the vascularity of the oral cavity as in Electrophorus electricus (Brauner & Val, 1996) . Additionally, Amazon fish have adaptive mechanisms that enable them change the level of oxygen in the blood by increasing ventilatory frequency and volume, heart rate, increasing numbers of circulating erythrocytes, raising haemoglobin concentration, increasing hemetocrit, intensifying haemoglobin oxygen affinity and depressing metabolism (Val & Almeida-Val, 1995) . Such numerous, specific adaptations start to be activated at the stage of early ontogeny. While adult fish are able to adapt to unusual environmental conditions over time (e.g., slightly alkaline water pH) and enter spawning mode, juvenile organisms growing under conditions unusual for them are not able to survive.
Therefore slightly alkaline water (pH 8.2), of a pH different to that found in the natural habitat (acidic to slightly acidic) becomes lethal to the embryos (Axelrod & Walker, 2000) .
As shown by our experience, incubation of the angelfish embryos in the Weiss jars resulted in a very high survival rate, but, as reported by aquarium keepers, this manner of producing angelfish offspring has both advantages and disadvantages. When a breeder comes across a pair of spawners unable to care for the eggs of hatching larvae, the larvae can be kept in the Weiss jars to ensure survival. However, such fry do not learn appropriate brood care behaviours. As a result, when they lay their own eggs in the future, they will be unable to care for them.
The pH of water is one of the key factors determining the proper process of angelfish (Pterophyllum scalare) embryonic development and maintaining water parameters at the appropriate level is a prerequisite for ensuring proper embryogenesis. The ratio of surviving juveniles incubated in Weiss apparatus is comparable to the survival ratio under the care of the parents: both of these methods may be considered equally acceptable for breeding, provided that the fish whose early ontogeny took place in the Weiss Apparatus will not reproduce, because they do not develop the instinct of care for offspring under such conditions. Mortality of angelfish larvae fed for the first days after hatching with Artemia salina nauplius was higher than those fed with protozoa and rotifers, which suggests that breeders should choose the latter type of feed, if possible. 
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